Stimulation with N-methyl-D-aspartate or kainic acid increases cyclic guanosine monophosphate-like immunoreactivity in turtle retina: involvement of nitric oxide synthase.
In brain and retina, stimulation with excitatory amino acids (EAA) can generate nitric oxide (NO) and increase levels of cyclic guanosine monophosphate (cGMP). Because nitric oxide synthase (NOS) has been found in retinas of all species examined to date, an NO signal-transduction pathway is likely to be present in all retinas. We tested the hypothesis that stimulation of ionotropic glutamate receptors in turtle retina would result in increases in cGMP through an NOS/NO/cGMP pathway. Following in vitro incubations of turtle eye cups with the glutamate receptor agonists, N-methyl-D-aspartate (NMDA) or kainic acid (KA), we quantified the increases in cGMP-like immunoreactivity (cGMP-LI) by using enzyme-linked immunosorbant assay (ELISA) and localized the increased cGMP-LI by using an antibody against cGMP. Stimulation with NMDA or KA increased cGMP-LI in bipolar and amacrine cells as well as in some somata in the ganglion cell layer. Either KA or NMDA produced statistically significant increases in total retinal cGMP-LI by ELISA. To test the involvement of NO, we used the NOS inhibitors 7-nitroindazole and L-nitroarginine. Both inhibitors blocked virtually all of the KA- or NMDA-stimulated increases in cGMP-LI. These results indicate that activation of ionotropic glutamate receptors can increase cGMP in select retinal neurons. Differences between the agonist-evoked increases of retinal cGMP-LI suggest that there can be specificity in the activation of the NOS/NO/cGMP signal-transduction pathway by glutamate. This suggests that, in addition to short-term electrical changes, activation of ionotropic glutamate receptors also may produce longer term modulatory or metabolic effects involving NO/cGMP.